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'HYHORSPHQWRIEDFWHULDVWUHDPHUVGXULQJILOWUDWLRQ,PSDFWRIPLFURFKDQQHOVSRUH
WRUWXRVLW\RQVWUHDPHUVIRUPDWLRQ
$0DUW\&5RTXHV&&DXVVHUDQG3%DFFKLQ
8QLYHUVLW\RI7RXORXVH)UDQFH
%DFWHULD DGKHVLRQ DQG ELRILOP IRUPDWLRQ DUH FRPSOH[ SURFHVVHV ZKLFK DUH LQIOXHQFHG E\
QXPHURXV IDFWRUV ELRORJLFDO SK\VLFRFKHPLFDO K\GURG\QDPLF  'HSHQGLQJ RQ WKHVH
FRQGLWLRQV EDFWHULD FDQ IRUP ELRILOPV ZLWK YDULRXV DUFKLWHFWXUHV DQG PLFURELDO DFWLYLWLHV WKH
ELRILOP FDQ IRUP PXVKURRPOLNH VWUXFWXUHV RQ D SODQH VXUIDFH EXW DOVR LQ VRPH FDVHV
ILODPHQWRXVVWUXFWXUHVFDOOHGVWUHDPHUV>@7KLVODVWNLQGRIELRILOPDSSHDUVLQIORZRIEDFWHULD
VXVSHQVLRQZLWKFKDUDFWHULVWLF³KHDG´DWWDFKHGWRWKHVXUIDFHDQG³WDLO´RVFLOODWLQJLQWKHIORZ
%DFWHULDO VWUHDPHUV DUH IRXQGEHWZHHQ WKH VSDFHUV LQ QDQRILOWUDWLRQ DQG UHYHUVH RVPRVLV >@
7KHVH VWUHDPHUV UHSUHVHQW D SRVVLEOH VRXUFH RI FRQWDPLQDWLRQ LQ PHPEUDQH SURFHVVHV DQG
FDXVHELRIRXOLQJSKHQRPHQDUHVXOWLQJLQDGHFUHDVHRIWKHSURFHVVSURGXFWLYLW\>@

7KH DLP RI WKLV ZRUN LV WR GHYHORS H[SHULPHQWV LQ RUGHU WR SURJUHVV LQ WKH XQGHUVWDQGLQJ RI
LQLWLDO EDFWHULDDFFXPXODWLRQ LQ ILOWHUVDQGPHPEUDQHV7KHVHH[SHULPHQWVDUHSHUIRUPHGZLWK
SRO\GLPHWK\VLOR[DQH 3'06 PLFURIOXLGLF GHYLFHV ZKLFK PLPLF ILOWUDWLRQ V\VWHPV DQG DOORZ D
GLUHFW REVHUYDWLRQ RI EDFWHULDO VWUHDPHUV IRUPDWLRQ 7KH REVHUYDWLRQV DUH UHDOLVHG LQ QRQ
QXWULWLYHFRQGLWLRQVWKDWFDQUHSUHVHQWFRQGLWLRQVHQFRXQWHUHG LQZDWHU WUHDWPHQWSURFHVVHVRU
LQZDWHUGLVWULEXWLRQQHWZRUNIURP7WR7K

:KHQ(VFKHULFKLD FROL LV ILOWHUHG WKURXJKPLFURFKDQQHOV   DQG PLFURPHWHUV ODUJH LQ
WKHVHPLFURIOXLGLFGHYLFHVZHILQGWKDWEDFWHULDDFFXPXODWHLQWKHGRZQVWUHDP]RQHRIWKHILOWHU
DQGIRUPODUJHVWUHDPHUVRVFLOODWLQJLQWKHIORZ&RQIRFDOPLFURVFRS\DQG'UHFRQVWUXFWLRQRI
VWUHDPHUVVKRZWKH'VWUXFWXUHRI WKHVHVWUHDPHUVDQGKRZVWUHDPHUVDUHFRQQHFWHGWR WKH
ILOWHUZDOOVDQGFDQRVFLOODWHLQWKHIORZ7KHXVHRIVSHFLILFPDUNHUVSURYHVWKDWWKHVHVWUHDPHUV
DUHFRQVWLWXWHGRIEDFWHULDDQGH[RSRO\VDFFKDULGH(367KHVWUHDPHUVIRUPDWLRQLVVWXGLHGIRU
GLIIHUHQWILOWUDWLRQFRQGLWLRQV,WLVVKRZQWKDWWKHVWUHDPHUGHYHORSPHQWLVLQIOXHQFHGE\WKHVL]H
DQGWKHJHRPHWU\RIPLFURFKDQQHOVVWUDLJKWFKDQQHOVLQILJDFRQQHFWHGFKDQQHOVLQILJE
RU VWDJJHUHG URZ FKDQQHOV LQ ILJ F 7KH IRUPDWLRQ RI VWUHDPHUV LV VLPLODU ZLWK VWUDLJKW
FKDQQHOV DQG FRQQHFWHG FKDQQHOV %XW ZKHQ WKH ILOWUDWLRQ LV UHDOLVHG LQ WRUWXRXV FKDQQHOV
VWDJJHUHG URZJHRPHWU\ LQ ILJF WKH EDFWHULDDFFXPXODWLRQ LV UDSLGDQG OHDGV WR YHU\ ORQJ
VWUHDPHUV
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)LJ  %DFWHULDVWUHDPHUV IRUPDWLRQDIWHUKRXUVRI ILOWUDWLRQ LQVWUDLJKWFKDQQHOVFRQQHFWHG
FKDQQHOVRUVWDJJHUHGURZFKDQQHOVIURPWKHOHIWWRWKHULJKW)LOWUDWLRQGLUHFWLRQLVIURPWKHWRS
WRWKHERWWRP

7KHVHUHVXOWVDUHGLVFXVVHGDWWKHOLJKWRI'IORZVLPXODWLRQVZLWKWKHVRIWZDUH&RPVRO7KHVH
VLPXODWLRQVFRQILUPWKHSUHVHQFHLQFRQILQHGV\VWHPVDQGLQODPLQDUIORZRIVHFRQGDU\IORZ]
YHORFLWLHVVXULPSRVHGWRWKHVWUHDPZLVHPRWLRQLQ[\SODQH>@7KHVHVHFRQGDU\IORZVOHDGWR
]YHORFLWLHVGLUHFWHGWRZDUGWKHZDOODWWKHFKDQQHOLQOHWDQGWRZDUGWKHPLGGOHRIWKHIORZDWWKH
RXWOHW FKDQQHO 7KH ILJXUH  LOOXVWUDWHV WKH SUHVHQFH RI WKHVH VHFRQGDU\ IORZV IRU WKH
H[SHULPHQWDOGHYLFHVXVHGLQWKLVVWXG\


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
)LJ9HORFLW\LQ]GLUHFWLRQZLWKLQWKHPLFURIOXLGLFGHYLFHVIRUWKHJHRPHWULHVSUHVHQWHGLQILJ
7KHVHFRQGDU\IORZVDUHXQGHUOLQHGE\VLJQLILFDQW]YHORFLW\GLUHFWHGWRZDUG WKHZDOOZKHQ
UHGDQGWRZDUGWKHEXONZKHQEOXH

7KH SUHVHQFH RI WKH VHFRQGDU\ IORZ VWURQJO\ GHYLDWHV VWUHDPOLQHV )URP WKH QXPHULFDO IORZ
VLPXODWLRQDVFHQDULRIRUWKHIRUPDWLRQRIEDFWHULDOVWUHDPHUVLVSURSRVHG
• $W WKH SRUH HQWUDQFH WKH GHYLDWLRQ RI WKH VWUHDPOLQHV FDXVHG E\ WKH VHFRQGDU\ IORZ
HQKDQFHVWKHWUDQVSRUWRIEDFWHULDWRZDUGWKHZDOO
[
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• :LWKLQWKHSRUHWKHLQFUHDVHLQVKHDUVWUHVVGXHWRWKHLQFUHDVHLQIOXLGYHORFLW\OHDGV
WR DQ LPSRUWDQW DGKHVLRQ RI EDFWHULD DFFRUGLQJ WR WKH ³VKHDU HQKDQFHG DGKHVLRQ´
PHFKDQLVPSURSRVHGIRUEDFWHULD>@7KHEDFWHULDDFFXPXODWLRQLQGXFHVWKHIRUPDWLRQ
RIILODPHQWVDVVRFLDWLQJEDFWHULDDQG(36
• $WWKHSRUHRXWOHWWKHVHFRQGDU\IORZGLUHFWHGWRZDUGWKHEXONLQGXFHVDWUDQVSRUWDWLRQ
RIWKHVHILODPHQWVLQWKHEXONWKXVHQKDQFLQJWKHFDSWXUHRIEDFWHULD
• 7KH MRLQLQJRI WKHVH ILODPHQWV IRUPVDJURZLQJ ³ILVKLQJQHWZRUN´FROOHFWLQJ WKH IORZLQJ
EDFWHULD
7KLV VFHQDULR ZLOO EH XVHG WR H[SODLQ ZK\ VWUHDPHUV IRUPDWLRQ LV H[DFHUEDWHG ZKHQ ILOWHULQJ
EDFWHULDLQVWDJJHUHGURZFKDQQHOVZKHUHVXFFHVVLYHVHFRQGDU\IORZVDUHSUHVHQWILJXUHF
7KHVH UHVXOWVZLOO EH GLVFXVVHG DQG FRPSDUHG WR WKHZRUN RI  5XVFRQL HW DO >@ UHDOLVHG RQ
VWUHDPHUVIRUPDWLRQRI3VHXGRPRQDVDHUXJLQRVD LQQXWULWLYHFRQGLWLRQVGXULQJIORZRIEDFWHULD
LQPLFURPHWHUVODUJH]LJ]DJPLFURFKDQQHO

7RFRQFOXGHGLUHFWREVHUYDWLRQVRI(FROLWUDQVIHUWKURXJKPLFURPHWULFFKDQQHOVGXULQJILOWUDWLRQ
LQQRQQXWULWLYHFRQGLWLRQVUHYHDOHGWKHDFFXPXODWLRQRIEDFWHULDGRZQVWUHDPRIWKHILOWHU7KLV
ZRUNVKRZVWKDWILOWHULQJEDFWHULDWKURXJKSRUHVODUJHUWKDQWKHEDFWHULDDQGWKXVFRQVLGHUHGDV
QRWUHWHQWLYHIRUEDFWHULDFDQOHDGWRDQDFFXPXODWLRQRIEDFWHULDDQG(36LQWKHGRZQVWUHDP
DUHDRIWKHILOWHUQRWOLQNHGWREDFWHULDJURZWK7KLVVWUHDPHUIRUPDWLRQLVSURPRWHGE\FKDQQHOV
WRUWXRVLW\ DQG FDQ EH FRUUHODWHG WR WKH SUHVHQFH RI VXFFHVVLYH FRUQHU OHDGLQJ WR VHFRQGDU\
IORZV 7KH IRUPDWLRQ RI VWUHDPHUV FRXOG KDYH LPSRUWDQW FRQVHTXHQFHV LQ ILOWUDWLRQ DQG
PHPEUDQH SURFHVVHV LQYROYLQJ EDFWHULDO VXVSHQVLRQV VDQG ILOWUDWLRQ SUHILOWUDWLRQ RSHUDWLRQV
HWF
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